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Running title: Active microbial communities in the Kryos brine 
 




The Kryos Basin is a deep-sea hypersaline anoxic basin (DHAB) located in the Eastern-
Mediterranean Sea (34.98°N 22.04°E). It is filled with brine of re-dissolved Messinian 
evaporites and is nearly saturated with MgCl2-equivalents, which makes this habitat 30	
extremely challenging for life. The strong density difference between the anoxic brine 
and the overlying oxic Mediterranean seawater impedes mixing, giving rise to a narrow 
chemocline. Here, we investigate the microbial community structure and activities 
across the seawater-brine interface using a combined biogeochemical, next-generation 
sequencing, and lipid biomarker approach. Within the interface, we detected fatty acids 35	
that were distinctly 13C-enriched when compared to other fatty acids. These likely 
originated from sulfide-oxidising bacteria that fix carbon via the reverse tricarboxylic 
acid cycle. In the lower part of the interface, we also measured elevated rates of methane 
oxidation, probably mediated by aerobic methanotrophs under micro-oxic conditions. 
Sulfate reduction rates increased across the interface and were highest within the brine, 40	
providing first evidence that sulfate reducers (likely Desulfovermiculus and 
Desulfobacula) thrive in the Kryos Basin at a water activity of only ~0.4 Aw. Our results 
demonstrate that a highly specialized microbial community in the Kryos Basin has 
adapted to the poly-extreme conditions of a DHAB with nearly saturated MgCl2 brine, 
extending the known environmental range where microbial life can persist. 45	
 
1. Introduction 
Environments characterized by salinities higher than 50 PSU are considered hypersaline 
(Capece et al, 2013). Such environments are challenging for life due to the high energetic 
costs for osmotic adaptation (Boetius & Joye, 2009) and the limitation of available water 50	
(Stevenson et al, 2015). Despite these constraints, microbial and eukaryotic life has been 
reported in many of these systems (Boetius & Joye, 2009, Oren, 2015). Hypersaline 
environments exist in terrestrial settings (e.g., lakes, salt flats, salterns), and marine 
environment (e.g., mud volcanoes, sea-ice brine channels or brine basins; Javor, 2012). 
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Furthermore, hypersaline settings were also discovered on extraterrestrial objects, for 55	
example on Mars, or on Saturn’s moon Enceladus (Hansen et al, 2006; McEwen et al, 2014; 
Hsu et al, 2015; Martín-Torres et al, 2015). Hence, hypersaline environments on Earth may 
serve as analogues for potential niches for life in extraterrestrial environments (Preston and 
Dartnell, 2014). Marine brine basins have been discovered at the seafloor of the Gulf of 
Mexico, the Red Sea, the Black Sea, and the Eastern Mediterranean Sea (see Stock et al, 60	
2013, for a review). The deep-sea hypersaline anoxic basins (DHABs) in the Mediterranean 
are located at the Mediterranean Ridge at water depths >3000 meters below sea level (mbsl). 
Mediterranean brines originate from the dissolution of evaporites deposited during the 
Messinian salinity crisis (5-6 million years ago; Hsü et al, 1973, Camerlenghi, 1990, Roveri et 
al, 2014). After sediment burial, tectonic activity mobilised relic brines and re-exposed some 65	
of these evaporite layers to seawater. Their exposure at the seafloor led to the formation of the 
present-day brine lakes (e.g., de Lange & ten Haven, 1983; Wallmann et al, 1997; Vengosh et 
al., 1998). As hypersaline solutions have a higher density than seawater, brines accumulate in 
seafloor depressions and form lake-like features, which can be several kilometres long and 
more than hundred meters deep (Camerlenghi, 1990, Stock et al, 2013). Even though many 70	
DHABs in the Mediterranean are located in close proximity to each other, their respective 
geochemical composition can differ quite strongly, depending on the source evaporite (Stock 
et al, 2013). The brines of most Mediterranean DHABs (l’Atalante, Bannock, Thetis, Tyro 
and Urania basins; van der Wielen et al, 2005; La Cono et al, 2011) are thalassohaline, i.e., 
the brine salts consist mainly of NaCl. In contrast, the Kryos and the Discovery Basin contain 75	
athalassohaline brines, dominated by MgCl2 (Wallmann et al, 1997; Yakimov et al, 2015). 
Vertical mixing across the extreme density gradients between brine and overlying seawater is 
extremely slow. Seawater and brines differ strongly in their solute composition (in particular, 
in the concentrations of key electron donors and acceptors), so that a narrow (1-3 m) 
chemocline forms between the two media (de Lange et al, 1990, Stock et al, 2013). In contrast 80	
to the overlying seawater, the brines are anoxic but electron acceptors other than oxygen are 
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plentiful, most importantly sulfate (Stock et al, 2013). Hence, hotspots of biological activity 
were found at brine-seawater interfaces (e.g., Sass et al, 2001, van der Wielen et al, 2005, 
Daffonchio et al, 2006, Yakimov et al, 2007, Boetius & Joye, 2009, Pachiadaki et al, 2014, 
Yakimov et al, 2015). In addition to active microbial communities at the interface, previous 85	
studies have provided evidence for microbial activity (sulfate reduction, methanogenesis and 
heterotrophy) within thalassohaline brines (van der Wielen et al, 2005, Daffonchio et al, 2015, 
LaCono et al, 2011). Life in athalassohaline MgCl2-rich brines, on the other hand, is 
considered much more challenging (van der Wielen et al, 2005, Hallsworth et al, 2007, 
Yakimov et al, 2015). In fact, microbial life was considered impossible in the Kryos brine 90	
basin due to its extremely high concentrations of MgCl2 (Yakimov et al, 2015), and putative 
evidence for life in the nearby Discovery Basin (van der Wielen et al, 2005) has been 
questioned (Hallsworth et al, 2007, Oren, 2013). Major challenges for microbial life in 
MgCl2-brines, in addition to osmotic stress, are chaotropicity (i.e., the disruption of hydrogen 
bonding network between water molecules causing denaturation of organic molecules; 95	
Stevenson et al, 2015, Cray et al, 2013) and exceptional low levels of water activity - Aw (Aw: 
the vapour pressure of an aqueous solution relative to distilled water). Aw is a key parameter 
used to determine the limits of life (Litchfield, 1998). It takes thermodynamically available 
water into account – in contrast to water content (percentage water) – and thus describes 
water availability on the organismic level due to binding effects promoted by ions (Grant, 100	
2004). Cell division, for example, has only observed at AW ≥ 0.605 Aw (Stevensson et al, 
2015), much higher than the Aw of ~0.4 that has been experimentally determined for the 
Kryos brine (Yakimov et al, 2015). 
The main objective of this study is to determine whether the poly-extreme environmental 
conditions (anoxia, hypersalinity, chaotropicity) prevailing in the Kryos brine permit active 105	
microbial life. Towards this goal we use an interdisciplinary approach that combines 
geochemical measurements (i.e., major ions, methane), direct measurements of microbial 
activity (sulfate reduction and methane oxidation with radio-tracer assays), as well as lipid 
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biomarker analyses and next-generation sequencing (NGS) of 16S rRNA genes to assess the 
microbial community structure. 110	
2. Methods 
2.1 Study site 
The Kryos Basin (34.93°N 22.02°E – 35.02°N 22.05°E; Figure 1) is one of eight known 
DHABs located in the Eastern Mediterranean Sea (Stock et al, 2013, Yakimov et al, 2015; 
Figure 1), and is filled with brine originating from secondary late-stage evaporites, dominated 115	
by MgCl2. Its composition is similar to that of the Discovery brine (Wallmann et al, 1997, 
2002), but with even higher concentrations of Na+ and SO42- (Yakimov et al, 2015). Samples 
presented in this study were collected on the “Ristretto e Lungo” Cruise (2010/2011) with the 
RV Meteor (Me83/3) within the framework of the “Moccha” and “Middle” projects 
(Eurodeep-Program of the European Science Foundation). 120	
2.2 Sampling 
Water samples were collected in January 2012 from the deepest part of the Kryos Basin 
(34.952°N 22.025°E; Figure 1) using a rosette sampler equipped with 12 × 10 l Niskin bottles 
and probes for continuous measurements of conductivity, temperature and density (CTD; 
Seabird SBE9). We sampled the water column just above the seawater-brine interface, within 125	
the interface, and in the brine. The position of the interface was detected with the conductivity 
sensor (mounted at the lower part of the rosette sampler frame) in real-time during the 
hydrocast (Daffonchio et al, 2006). For interface sampling, several Niskin bottles were closed 
in quick succession immediately after a conductivity increase was detected, while slowly 
lowering the sampler through the interface (de Lange et al, 1990). This way, each bottle 130	
contained sea-/brine water collected at slightly different depths within the interface (Figure 2). 
During recovery, the strong density gradient prevented vertical mixing within the bottle, 
preserving the in situ stratified conditions (Daffonchio et al, 2006). Upon retrieval, each bottle 
was sampled successively (at ~2 l batches, yielding a vertical resolution of ~20 cm). Distinct 
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sampling within each batch was done following the same sequence: first for volatiles (CH4, 135	
HS-), dissolved O2 and DIC, then for microbial rate measurements, and finally for the analysis 
of major elements, nutrients, and SO42-. See supplements for details on standard geochemical 
analyses. The relative positions of the different Niskin bottles (Figure 2) were aligned using 
Cl- concentrations as a conservative tracer, as described previously (e.g., Yakimov et al, 
2015). Separate Niskin bottles were taken for lipid biomarker and NGS analyses, just above 140	
the interface (3335.0 ± 0.5 meters below sealevel (mbsl)), in the upper (3335.8 ± 0.5 mbsl) 
and lower (3337.8 ± 0.5 mbsl) interface and in the brine (3344.6 ± 1 mbsl; Figure 2).  
2.3 Methane oxidation and sulfate reduction rate measurements 
Water samples for methane oxidation and sulfate reduction (SR) rate measurements were 
filled bubble-free into 20 mL glass vials, closed with bromobutyl stoppers (Niemann et al, 145	
2015) and incubated in quadruplicates with 14C and 35S radiotracers, respectively, for 72 h at 
in-situ T in the dark (Jørgensen, 1977; Treude et al, 2003). Incubations were terminated, and 
samples fixed and stored, as described in Steinle et al (2016). For SR rates, one teaspoon of 
kaolin powder was added to samples to facilitate separation of SO42- and ZnS, and SR rates 
were then determined with the cold-chromium distillation method (Kallmeyer et al, 2004). 150	
MOx rates and the fraction of methane incorporated into biomass were assessed as described 
previously (Blees et al, 2014, Steinle et al, 2017). 
All rate measurements were corrected for abiotic tracer turnover (<1% of live controls) in 
killed controls using the same matrix (i.e., seawater, interface water, or brine). We considered 
only rates that were at least as high as the mean tracer turnover in killed controls plus three 155	
standard deviations of the killed-control value (Grasshoff et al, 1999). 
2.4 Biomarker analyses 
For lipid biomarker analyses, 20 l of water/brine (combined from 2 - 3 Niskin bottles) from 
each layer (seawater, upper and lower interface, brine) was filtered on glass microfiber filters 
(GF/F, particle retention ~0.7 µm), and stored at -80 °C until extraction in the home 160	
laboratory. The largest portion (7/8th) of each filter (corresponding to ~17.5 l water/brine) was 
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used for lipid extraction according to Elvert et al (2003), but we added an additional 
extraction step with methanol:H2O (1:3; v/v) to extract polar compounds. The resulting total 
lipid extract was further separated and analysed according to Elvert et al (2003) and Niemann 
et al (2005). Double-bond positions of monoenoic fatty acids were determined by analysing 165	
fatty acid dimethyl-disulfide derivatives (Nichols et al, 1986; Moss and Lambert-Fair, 1989). 
Identities, concentrations, and stable carbon isotope composition of individual compounds 
were determined with a gas chromatograph linked either to a quadrupole mass spectrometer, a 
flame-ionization detector, or an isotope ratio mass spectrometer (Blees et al, 2014). 
2.5 Nucleic acid extraction and amplification of 16S rRNA genes 170	
Nucleic acids were extracted from the remaining 1/8th of a GF/F filter (corresponding to 2.5 l 
water/brine) according to the method described by Zhou et al (1996). Prior to extraction, cells 
were removed from the filters by washing (Woebken et al, 2007) with 5 M NaCl to avoid 
DNA loss by binding to the glass fibre filters during the extraction process. 
Bacterial 16S rRNA genes were amplified by PCR from extracted DNA using the primer pair 175	
Bakt_341F/Bakt_785R (Herlemann et al, 2011, Supplementary Table 1). Archaeal 16S rRNA 
genes were amplified using primer pair ARCH340F/ARCH1000R (Gantner et al, 2011; 
Supplementary Table 1). To allow the coverage of ANME-1 methanotrophic archaea and 
Korarchaeota, we added modified primers: ARCH340F-ANME-1, ARCH1000R-ANME1 
and ARCH1000R-KOR (Supplementary Table 1). Forward primers ARCH340F and 180	
ARCH340F-ANME-1 were mixed in a molar ratio of 4:1; reverse primers ARCH1000R, 
ARCH1000R-ANME1, and ARCH1000R-KOR were mixed in a molar ratio of 8:1:1. 
PCR reactions (20 µl volume) were performed using TaKaRa Taq polymerase (Germany) 
according to Supplementary Table 2. The resulting bacterial 450 bp-amplicons and archaeal 
700 bp-amplicons were extracted from an agarose gel (1% w/v) and purified using the 185	
MinElute PCR Purification Kit (Qiagen) according to the manufacturer’s recommendations.  
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2.6 Sequencing, sequence processing, and taxonomic analysis  
Amplicons were analysed by massive parallel tag sequencing on a HiSeq 2500 sequencer (2x 
250 bp; Illumina, San Diego, CA) at the Max Planck-Genome-Centre Cologne, Germany. 
Bacterial reads were quality-trimmed (trimq = 22, minlength = 238, homopolymers ≤8 nt) and 190	
merged (overlap >25) using the software package BBmap v4.3, and split using mothur 
v1.33.3 (Schloss et al, 2009). Archaeal forward and reverse reads were analysed separately 
because amplicons were too long to obtain an overlap of reads. Data shown here are based on 
forward reads. Settings for trimming of archaeal sequences were trimq = 25, homopolymers 
≤8 nt. Archaeal and bacterial sequences were classified using the SILVAngs pipeline and 195	
database release 123.1, 03–2016 (Quast et al, 2013). Retrieved non-16S rRNA gene 
sequences were removed from the analysis. Similarly, from the bacterial sequence dataset, 
retrieved archaeal sequences were excluded, as they were unspecifically amplified during 
PCR. Raw reads were deposited at the EBI Short Read Archive (SRA), and can be accessed 
under the study accession number PRJEB24471. 200	
3. Results and Discussion 
3.1 Chemical stratification across the seawater-brine interface 
The Kryos Basin is filled with athalassohaline brine, dominated by MgCl2 equivalents at near-
saturation, and with strongly elevated SO42--levels (~5-fold seawater concentration; Table 1). 
Accounting for MgCl2 and MgSO4 concentrations, density (1.31 kg dm-3) and total dissolved 205	
solids (0.46 kg dm-3), we calculated a water activity of 0.44 Aw combining the Pitzer and 
Samapundo models (according to models by Pitzer, 1991 and Samapundo et al, 2010). This 
stands in relatively good agreement with a more realistic, direct measurement of an Aw-value 
of 0.4 for the Kryos brine, which was determined experimentally (Yakimov et al, 2015). 
Concentrations of SO42-, Cl-, and Mg2+ increased sharply from seawater background values 210	
through the interface into the brine, to 0.144, 6.55, and 3.94 mol kg-1, respectively (Figure 3a, 
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b, Table 1), whereas Na+ concentrations decreased from 0.510 to 0.075 mol kg-1 (Figure 3b, 
Table 1). 
Concentrations of the microbially relevant electron donors CH4 and H2Stot were low, or below 
detection limit, in the upper part of the interface, but the concentration of both species 215	
increased sharply in the lower interface to maximum concentrations of 20 and 150 µmol kg-1, 
respectively (Figure 3c, d, Tab. 1). In contrast, O2 sharply decreased to values below the 
detection limit (~1 µM) in the lower interface (Figure 3d). In the following, based on 
conductivity gradients and O2 concentration levels, we will refer to the upper interface as the 
depth layer between 3335.75 - 3336.5 mbsl where O2 was still detectable (3 - 193 µmol kg-1), 220	
and no H2Stot was measured. The lower interface refers to the depth layer between 3336.5 – 
3337.5 mbsl, where O2 concentrations were below the detection limit (<1 µM) and increasing 
levels of H2Stot (0 – 64 µmol kg-1) were observed. The uppermost samples (3335.5 – 3335.75; 
Figure 3) represent ‘normal’ seawater.  
3.2 Stratification of microbial communities 225	
Next-generation sequencing (NGS) analyses revealed distinct microbial communities in the 
seawater and the upper interface on the one hand, and within the lower interface and in brine 
samples on the other hand (Figure 4). In the seawater end-member above the interface, most 
sequences were affiliated with typical archaeal and bacterial planktonic groups, i.e., mostly 
Thaumarchaeota, MG II, MG III, SAR202, SAR11, and Moraxella (Figure 4). The bacterial 230	
and archaeal community composition of the upper interface was comparable to that of the 
seawater but low abundances of sequences of halophilic archaea were already present (e.g., 
MSBL1 and Ca. Halobonum sequences each made up 1% of all classified archaeal 
sequences). The community composition of the lower interface and the brine comprised a 
much higher percentage of sequences of known halophilic archaeal groups, such as 235	
Halorhabdus, Halomicrobium, and Nanohaloarchaeota, indicating the presence of a 
halophilic microbial community.  
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In the lower interface, 13% of the archaeal sequences fell into the candidate division MSBL1 
(Mediterranean Sea Brine Lakes 1), previously found to be one of the key contributors to the 
halophilic communities in the athalassohaline Discovery brine (van der Wielen et al, 2005), as 240	
well as in most thalassohaline Mediterranean- and Red Sea brine basins (van der Wielen et al, 
2005, Borin et al, 2009, Yakimov et al, 2013, Mwirichia et al, 2016). The most abundant 
archaeal group both in the lower interface and the brine (49% and 36% of all classified 
sequences, respectively) was “Ca. Nitrosopumilus”. The presence of these ammonium-
oxidising archaea (Könneke et al, 2005, Walker et al, 2010), abundant ambient NH4+ and 245	
potentially microoxic conditions (Coolen et al, 2007; Ngugi et al, 2015) suggests an 
ammonium-driven nitrogen cycle in the lower interface. In the lower interface and the brine, 
9% of all bacterial sequences belonged to the candidate phylum Acetothermia, commonly 
reported from brine environments (e.g., Eder et al, 1999, van der Wielen et al, 2005, 
Daffonchio et al, 2006, Borin et al, 2009). This phylum includes previously used but now 250	
abandoned candidate divisions Ca. KB1, OP1, and MSBL6. Sequences classified as 
Acetothermia in the lower interface all grouped within the KB1 division, whereas a minor 
portion of the brine Acetothermia sequences (~0.2%) also fell into the group previously 
classified as MSBL6. Besides these known halophilic/halotolerant bacteria, most other 
bacterial sequences of the lower interface and the brine were related to sulfate-reducing and 255	
sulfur-oxidizing bacteria, as discussed in more detail below. We are aware that DNA of dead 
organisms may be preserved in anoxic brines, so that 16S rRNA-gene-sequence data can be 
ambiguous tracers of in-situ microbial life at a given depth within the interface and the brines 
(Fish et al, 2002, Orsi et al, 2013, Edgcomb et al, 2016). However, we observed a clear 
“stratification” of the microbial communities in the brine and lower interface, contrasting the 260	
upper interface and seawater (Fig. 4), which suggests an organized, and hence living, in-situ 
microbial community. Indeed, most sequences of halophiles found in the lower interface were 
not present at all or constituted only a minor fraction of the microbial community in the upper 
interface and the seawater. This precludes that these sequences represent preserved (i.e., non-
	 11	
living) matter from overlying water layers. On the other hand, a small portion of sequences 265	
that were most abundant in the seawater and upper interface (e.g. SAR11) were also detected 
in the lower interface and the brine; these sequences may hence originate from the water 
layers above. Similarly, the intermixture of dead microbial cells from the lower interface into 
the brine cannot be ruled out completely (see below). 
3.3 Methanotrophy in the interface  270	
The shape of the methane concentration profile across the interface, with abruptly decreasing 
methane concentrations in the lower interface (Figure 3e, Supplementary Figure 1a), indicates 
methane consumption in this water layer. Furthermore, δ13C- and δD-CH4 values of the 
lowest interface sample are clearly enriched in 13C (Δδ13C-CH4,interface-brine = 5.2‰) and 2H 
(ΔδD-CH4,interface-brine = 6.7‰) compared to methane in the brine (Figure 3f). This is consistent 275	
with methane oxidation occurring in the lower interface since methanotrophs preferentially 
use 12C-methane, and their activity enriches of the remaining methane in both 13C and 2H 
(Whiticar, 1999). Indeed, we measured elevated rates of microbial methane oxidation in the 
upper but also in the lower interface, where sulfide started to accumulate and oxygen 
concentrations were below detection limit (1-2 µM for Winkler titration; Figure 3). With 280	
specialised sensors, previous studies on methane oxidation at oxic/anoxic interfaces could 
demonstrate that oxygen is present at sub-micromolar levels even below an “apparent” 
oxicline (e.g., Blees et al, 2014). It is thus likely that traces of oxygen were also present in the 
lower interface at Kryos, serving as potential electron acceptors for methane oxidation besides 
sulfate. Hence, both aerobic and anaerobic modes of methane oxidation seem 285	
thermodynamically feasible. In order to distinguish between these modes of methane 
oxidation, supplementary information on the identity of present methanotrophs is needed. 
Aerobic oxidation of methane (MOx) is mediated by aerobic methanotrophic bacteria (MOB), 
which belong to the Gamma- (Type I MOB) or Alphaproteobacteria (Type II MOB) Hanson 
and Hanson, 1996). In the lower interface, where we also measured highest methane 290	
oxidation rates (Figure 3h), we detected MOB-sequences belonging to the 
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gammaproteobacterial Methylococcales and alphaproteobacterial Methylobacterium (although 
at a relatively low abundance levels of <0.1% of total bacterial sequences; Supplementary 
Table 3). The presence of MOB within the Kryos interface is also evident from lipid 
biomarker signatures. Membrane lipids depleted in 13C relative to the δ13C-CH4 can be 295	
diagnostic for MOB in aquatic environments (Hanson & Hanson, 1996; Summons et al, 1994; 
Hinrichs et al, 2003; Schubert et al, 2006; Elvert & Niemann, 2008; Blees et al, 2014). In the 
lower interface, we detected diplopterol and diploptene depleted in 13C (-46.6‰ and -49.6‰, 
respectively; Supplementary Figure 2). Their δ13C-values are ~5‰ lower compared to 
ambient lower-interface methane (-42‰; Figure 3f). This observation is consistent with 300	
previous findings of slightly 13C-depleted MOB-biomarkers (diploptene, diplopterol) at the 
oxycline of the Black Sea (Wakeham et al, 2003; Schubert et al, 2006). We also measured 
traces of the fatty acid C16:1ω8, a diagnostic marker for type I MOB. Our DNA and 
biomarker data strongly suggest that lipids in the suspended particulate matter pool of the 
interface are partially comprised of MOB biomass, and that methane oxidation rates within 305	
the interface at oxygen concentrations below detection limit and highly elevated MgCl2-
concentrations are mediated by MOB. Several studies targeting oxic/anoxic interfaces in both 
marine (Schubert et al, 2006; Jakobs et al, 2013; Steinle et al, 2017) and lacustrine 
environments (Rudd et al, 1976; Blees et al, 2014a,b) reported MOx under micro-oxic 
conditions, providing evidence that at least some MOB are able to adapt to very low-oxygen 310	
conditions, though such conditions may not be optimal for growth (Steinle et al, 2017). At 
Kryos, the fraction of oxidised methane-carbon incorporated into biomass decreased from the 
upper to the lower interface (Figure 3i). Similar to findings from hypoxic Baltic Sea waters 
(Steinle et al, 2017), this suggests that MOB at Kryos live at the very edge of their habitable 
ecological niche. At the interface of thalassohaline brines, aerobic methanotrophy was already 315	
evidenced directly or indirectly (Schmidt et al, 2003; Abdallah et al, 2014; Wankel et al, 
2010). With this study, we demonstrate for the first time that MOB can also adapt to micro-
oxic conditions in an athalassohaline brine. 
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Although the environmental conditions within the lower interface would suggest that AOM is 
more important MOx, we could not find any indications for AOM. AOM with sulfate as the 320	
final electron acceptor is mediated by methanotrophic archaea (ANME), which are related to 
the order Methanosarcinales (Knittel & Boetius, 2007). We did not detect any sequences of 
ANMEs in the lower interface (Supplementary Table 5), even though we used a primer set 
specifically modified to target ANME-archaea, and we also did not detect any anaerobic 
methanotrophs using electron acceptors other than sulfate, i.e., nitrite, iron, or manganese 325	
(Raghoerbarsing et al 2006; Ettwig et al, 2008; Ettwig et al, 2016, Supplementary Table 3,5). 
Moreover, our rate measurements did not reveal any methanotrophic activity in the brine 
itself, despite high levels of methane and sulfate (Figure 3). Finally, our lipid biomarker 
analyses did not reveal any typical ANME signatures, such as strongly 13C-depleted archaeol 
and crocetane (Niemann & Elvert, 2008). Although both compounds were present in the 330	
lower interface and brine, their δ13C-values were relatively high (compared to the isotopic 
composition of the ambient methane and DIC (Table 1)), which argues against ANMEs as 
potential source organisms. Conclusively, our results suggest that ANME cannot thrive under 
the poly-extreme conditions of the Kryos brine (Joye et al, 2009; Maignien et al, 2013). 
3.4 Methanogenesis in the interface and brine 335	
The isoprenoid membrane-lipid archaeol is synthesized by a variety of archaea including 
methanogens (Koga & Morii, 2005). Crocetane in the marine environment is generally 
associated with ANMEs (Niemann & Elvert, 2008), but it was also detected in methanogenic 
sediments suggesting that it is synthesized by at least some methanogens too (Jahnke et al, 
2008). Methanogens are hence possible source-organisms for the archaeol and crocetane with 340	
relatively high δ13C-values (see House et al, 2003). Indeed, our microbial diversity analyses 
provided evidence for the presence of methanogenic archaea within the interface and brine 
(Supplementary Tables 5-6): 0.5% of total archaeal sequences within the brine belonged to 
methanogenic archaea of the order Methanosarcinales, most importantly Methanohalophilus. 
Sporadically, sequences related to other methanogens (Methanosaeta, Methanoregula, 345	
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Methermicoccus, Methanobrevibacter, Methanoregula, and Methanolobus) were also 
detected throughout the interface. As indicated by its isotopic composition (δ13C = -47.1‰, 
δD = -128.9‰; Whiticar, 1999) and its ratio relative to higher hydrocarbons (CH4:C2+ = 24; 
Bernard et al, 1978), methane in the Kryos Basin is dominantly of thermogenic origin. Yet, 
the admixture of biogenic methane is likely. The vertical profile of methane δ13C-values 350	
across the interface shows 12C-enriched methane in the upper interface when compared to the 
lower interface (Figure 3f). This observation cannot be explained by simple mixing with the 
overlying seawater, but indicates input of microbial methane within the upper interface 
(Whiticar, 1999). We found Methanohalophilus in the upper interface, but whether these 
methanogenic archaea are the source of the apparent methane input and can tolerate the oxic 355	
conditions prevailing in the upper interface remains questionable. 
3.5 Sulfide oxidation within the interface: biomarker and molecular indication for 
thiotrophs potentially using the rTCA pathway for CO2 fixation 
Sulfide concentrations, similar to methane concentrations, sharply decreased to values below 
the detection limit at the boundary between the upper- and lower interface, indicating sulfide 360	
consumption mainly in the lower interface (Supplementary Figure 1b). Sulfide oxidation is 
mediated by a diversity of bacterial groups, typically by members of the Gamma- and 
Epsilonproteobacteria (for example, Yakimov et al, 2007, Borin et al, 2009, Hügler and 
Sievert, 2011, Pachiadaki et al, 2014). Indeed, we found abundant sequences related to 
sulfide-oxidising Epsilonproteobacteria in the lower interface and in the brine: Sulfurimonas- 365	
and Sulfurovum-related sequences accounted for 16% and 15%, respectively, of the total 
bacterial sequences in the lower interface, and 8% and 29%, respectively, in the brine (Figure 
4). Moreover, gammaproteobacterial Thiomicrospira-related sequences constituted ~3% of all 
bacterial sequences both in the lower interface and the brine (Figure 4). In contrast, the 
abundance of these thiotrophs in the upper interface and the seawater was very low (<< 1%). 370	
Yakimov et al (2015) also detected one sequence of the Sulfurovum clade in the lower 
interface of the Kryos Brine, but did not find molecular evidence for Sulfurimonas. Similarly, 
	 15	
thiotrophs are important parts of the microbial communities at other seawater-brine interfaces 
in the Mediterranean (e.g., Thetis brine: Pachiadaki et al, 2014, Urania brine: Borin et al, 
2009, L’Atalante brine: Yakimov et al, 2007). 375	
Within the lower interface and the brine, our lipid analysis revealed several fatty acids that 
were enriched in 13C (with δ13C-values up to -18‰; Figure 5) compared to the other fatty 
acids (concentration-weighted average: -28.6‰ – lower interface, -26.6‰ – brine). Similar to 
our findings, biomass at hydrothermal vents partitions into two isotopically distinct clusters 
(see Hügler & Sievert, 2011, for a review). The more strongly 13C-depleted values were 380	
explained by the large C-isotope fractionation during carbon fixation via the Calvin-Benson 
cycle (Hügler & Sievert, 2011), which is characterised by a C-isotope enrichment factor 
(Δδ13C) of 20-30‰ (Berg et al, 2010). This is the most common carbon fixation pathway in 
the bacterial realm. In contrast, the more 13C-enriched signatures often originate from other 
carbon fixation pathways, such as the reductive tricarboxylic acid cycle (rTCA), which is 385	
characterized by a comparatively low Δδ13C of only 2-12‰ (House et al, 2003, Berg et al, 
2010). At Kryos, CO2 would be more depleted than DIC (δ13C-DIC: -0.8 to 0.8‰; Mook et al, 
1974). Together with δ13C-values of the fatty acids of about -18‰, the Δδ13Cfatty acids-CO2 would 
be <<18‰. Considering additional C-isotope fractionation during fatty acid synthesis of ~2-
10‰ (Monson & Hayes, 1982; Hayes, 2001; Sakata et al, 2008), the 13C-enriched fatty acids 390	
may indeed originate from organisms utilising the rTCA cycle. Some of the 13C-enriched fatty 
acids (iC15:0, iC16:0 and iC17:0) are of bacterial origin (Kaneda 1991; Peters et al, 2007), 
but are not diagnostic for any specific phylogenetic group. The source organisms of the other 
two 13C-enriched fatty acids (17:1ω8 and 17:1ω11) remain unknown. Nevertheless, we 
suggest that the epsilonproteobacterial sulfide-oxidizers detected at Kryos (Figure 4) are the 395	
source organisms of the 13C-enriched fatty acids, likely fixing carbon via the rTCA (Hügler et 
al, 2005, Hügler & Sievert, 2011).  
	 16	
3.6 Sulfate reduction in the brine at nearly saturated MgCl2 concentrations 
SR rates reached maximum values of up to 460 µmol kg-1 d -1 (Figure 3g) within the brine at 
MgCl2-equivalent concentrations of 3.9 mol kg-1 (Figure 3b). These rates were ~5-20 times 400	
higher than the highest rates measured at most other Mediterranean brine basins (van der 
Wielen et al, 2005; Borin et al, 2009), but about 10 times lower than SR rates at the Bannock 
brine basin (Daffonchio et al, 2006). They were about three orders of magnitude higher than 
SR rates in brine systems in the Gulf of Mexico (Joye et al, 2009; Wankel et al, 2010) or at 
the Mercator mud volcano in the Gulf of Cadiz (Maignien et al, 2013). Evidence for potential 405	
candidates mediating SR at Kryos derives from our sequencing data and lipid biomarker 
analyses. In the brine and lower interface, bacterial sequences were mainly related to sulfate 
reducers typically detected in hypersaline environments (e.g. solar salterns (Dillon et al, 
2013)) or Mediterranean DHABs (Borin et al, 2009; Yakimov et al, 2015): Desulfovermiculus 
of the family Desulfohalobiacea accounted for 25% and 20% of all bacterial sequences in the 410	
lower interface and the brine, respectively. Another potential candidate mediating SR in the 
lower interface and brine is Desulfobacula of the Desulfobacteraceae, constituting 1% (lower 
interface) and 3% (brine) of the total bacterial sequences in these layers. Finally, we detected 
high concentrations of the fatty acid 10MeC16:0, typical for Desulfobacteraceae and possibly 
originating from this group in these samples (Taylor & Parkes, 1983; Dowling et al, 1988; 415	
Frostegård et al, 1993; Rütters et al, 2002). 
Several authors have argued against the possibility of microbial life in the Kryos brine 
(Hallsworth et al, 2007; Oren, 2013; Yakimov et al, 2015). The argumentation in these 
contributions was based on biophysical constraints of low water activity and chaotropicity, 
and on the absence of detectable mRNA of sulfate reducers and methanogenic archaea in the 420	
Discovery (Hallsworth et al, 2007) and the Kryos brines (Yakimov et al, 2015). However, our 
measurements now provide evidence for an active sulfate-reducing microbial community 
within the Kryos brine. Our results, together with previous findings of sulfate reduction (and 
methanogenesis) in the Discovery brine basin (van der Wielen et al, 2005), thus provide proof 
	 17	
for microbial life at a water activity as low as 0.4 Aw (Yakimov et al, 2015), in an 425	
environment that belongs to the most chaotropic systems on Earth (>300 kJ kg-1). 
 
Concluding remarks 
Combining geochemical analyses, rate measurements, lipid biomarker, and NGS analyses, we 
found active (micro-)aerobic methanotrophs, sulfide-oxidising bacteria (likely using the rTCA 430	
pathway for carbon fixation), and sulfate reducers living in close vicinity at the seawater-
brine interface of the Kryos brine basin. Most intriguingly, we measured high sulfate 
reduction rates at nearly saturated MgCl2-concentrations, providing evidence that microbes 
can likely be active at a high degree of chaotropicity, and very low water activity. The strong 
stratification of the detected bacterial community suggests that major phyla are 435	
autochthonous. Our results substantially broaden the known spectrum of poly-extreme 
environmental conditions supporting life on Earth and, potentially, beyond. 
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Titles and legends to figures 
Table 1. Geochemical parameters and rate measurements within the Kryos brine basin and 
across the seawater-brine interface. For the upper and lower interface, the value on the left 
represents the value for the deepest sample, the value on the right the value for the shallowest 775	
sample. ns: not sampled. bd: below detection. C2+ denotes hydrocarbons with two and more 
carbon atoms. For rates of methane oxidation (MOx) and sulfate reduction (SR) standard 
deviation is indicated if applicable. 
 
Figure 1. (a) Overview map of DHABs in the Eastern Mediterranean. The position of the 780	
Kryos Basin is indicated with a red star, the other basins with green dots. (b) Bathymetry of 
the Kryos Basin and the adjacent sea floor (resolution = 30 m). The extent of the Kryos brine 
basin is delimited with a dark orange line, and the depth of the basin is indicated by the 
coloured scale bar. 
 785	
Figure 2. Scheme for high-resolution sampling across the seawater-brine interface with 
Niskin Bottles. Interface sampling was conducted during very calm weather conditions with 
minimal pitch/roll of the ship, preventing erratic up and down movement of the water 
sampler. The strong density difference impeded mixing of seawater and brine in the closed 
Niskin bottles during recovery. Immediately upon recovery, each Niskin bottle was sampled 790	
repeatedly (5 – 7 cycles) for different parameters resulting in a vertical resolution of the water 
column of ~20 cm. Vertical depth profiles were aligned based on chlorinity. Separate bottles 
were taken for 16S rRNA- and biomarker analyses. 
 
Figure 3. Geochemical profiles and rate measurements across the seawater-brine interface. 795	
Concentrations of (a) chloride (filled symbols) and sulfate (open symbols), (b) magnesium 
(filled symbols) and sodium (open symbols), (c) oxygen, (d) ammonium (filled symbols) and 
sulfide (open symbols), and (e) methane. (f) Isotopic composition of methane - δD (filled 
	 34	
symbols) and δ13C (open symbols). Rates of (g) sulfate reduction (SR), and (h) methane 
oxidation (MOx). (i) Fraction of oxidised methane-C incorporated into biomass. Values in (a) 800	
– (f) represent single measurements. Error bars in (g) – (i) represent standard deviations of 
quadruplicates. The dashed horizontal line indicates the border between upper and lower 
interface, and the continuous horizontal line the beginning of the brine. Note the different 
depth scales for the interface and brine. We vertically resolved the interface with four, 
substantially overlapping Niskin bottle samplings (represented by different symbols: circle, 805	
square, upward- and downward triangle). The profiles from these bottles were aligned based 
on chlorinity.  
 
Figure 4. Relative abundances of bacterial and archaeal genera and unclassified clades in the 
Kryos brine and interface based on sequencing of 16S RNA genes (V3-V4 region for 810	
Bacteria, V3-V6 region for Archaea). Taxonomy is based on SILVAngs, release 123.1. 
Sequence abundances are given in per cent of total classified Bacteria and Archaea, 
respectively. Only taxa that made up >1% of total archaeal or bacterial sequences in any 
given sample are shown. Archaeal sequence abundances shown in this figure are based on 
unassembled reverse sequence reads. Forward reads showed a nearly congruent community 815	
composition.  
 
Figure 5. Fatty-acid fingerprints across the seawater-brine interface. Fractional abundance 
(black bars) and compound-specific δ13C-values (diamonds, grey line) of fatty acids (C14 - 
C22) from (a) the seawater, (b) the upper interface, (c) the lower interface, and (d) the brine. 820	
The fingerprint comprised fatty acids with methyl groups at the iso (i) or anteiso (ai) position, 
or at carbon atom position 10 (10Me). In several cases, we could not determine the position of 
the methyl branch in the alkyl chain. Chain isomerism was then denoted by sequential 
numbers in parentheses (e.g. MeC14:0(1) and MeC14:0(2)). Mass traces of C16:1ω8 were 
detected as DMDS-derivate in interface and brine samples. Concentration-weighted averages 825	
	 35	
of bulk fatty acid δ13C-values are -28.9‰ (seawater), -29‰ (upper interface), -28.6‰ (lower 


































































Niskin bottles for 16S rRNA
and lipid biomarker analyses
Niskin bottles for biogeochemical




  50      100     150     200   
H2Stot (µmol kg
-1)





































SR (µmol kg-1 d-1)
5 15 25 250 500 20 40 60
MOx (nmol kg-1 d-1)
-130 -120 -110
CH4 (µmol kg-1) δ13C-CH4 (‰)
δD-CH4 (‰)
0.60.2 3.8 40.4
-48 -46 -44 -42
Mg2+ (mol kg-1)





30 40 50 60 140 180
7.5 15 25
Biomass incorp. (%)































































































































































































































































































1 Bathymetric mapping 
Morphobathymetric data were collected with the Simrad EM122 Multibeam 
Echosounder (12kHz) onboard R/V Meteor. Due to its low frequency, the EM122 
allows for a vertical resolution of ~0.4% of the investigated depths (i.e., <12m at 
>3000 m water depth). The acquisition was performed in geographic coordinates 
(Lat/Long, datum WGS84) with the support of the SIS Navigation System. Data 
processing and export of the base Digital Terrain Model (XYZ data grid, with a 30m 
cell size resolution) was realized with the CARIS HIPS and SIPS software, and 
subsequently mapped with Surfer® and Global Mapper. All data were projected in 
UTM (WGS84, 34N) coordinate system. 
2 Geochemical analyses 
CH4, dissolved total sulfide (H2Stot = H2S + HS- + S2-, hereafter ‘sulfide’), dissolved 
inorganic carbon (DIC) and concentrations of CH4, higher hydrocarbons, dissolved 
O2 and NH4+ were measured onboard, whereas SO42- concentration, major elements, 
and stable isotope measurements (δ13C-CH4, δD-CH4, δ13C-DIC) were conducted 
onshore. Concentrations of CH4 and higher hydrocarbons were determined with a 
headspace technique and gas chromatography with flame ionization detection 
(Mastalerz et al. 2009). Sulfide, NH4+ and DIC were quantified using a TRAACS800 
continuous flow analyser according to Grasshoff et al. (1999; sulfide, NH4+) and Stoll 
et al. (2001; DIC). Oxygen concentrations were measured by Winkler titration 
(Grasshoff et al. 1999). All measurements were carried out in technical triplicates, 
yielding analytical errors (standard deviation) of <0.5% for O2 and DIC and <2% for 
NH4+ and sulfide. Water samples for SO42--measurements were acidified onboard 
and subsequently purged with N2-gas inside an anoxic glovebox in order to remove 
all sulfide. Total SO42- was then measured onshore using an ICP-AES (Stefansson et 
al. 2007). Major elements were diluted to fall in the range of ~3.5 mg L-1 and 
concentrations determined with an ICP-AES (Stefansson et al. 2007). The stable 
carbon and hydrogen isotope composition of CH4 was analysed onshore using a gas 
chromatograph coupled to an isotope ratio mass spectrometer (GC–IRMS; Agilent 
HP 6890 GC connected to a Finnigan Deltaplus XP IRMS; Luong et al., 2013). 
Gaseous compounds were separated on a HPPLOT column (D: 32 m, 0.32 mm i.d. 
10 μm d.f.), using the following temperature program: 2 min hold time at 40 °C, 
followed by a temperature ramp (12 °C min-1 to 140 °C), and a final hold time of 3 
min (after Mastalerz et al. 2009). δ13C and δD values are reported as ‰-deviation 
relative to the VPDB and SMOW standards, respectively. δ13C-DIC values were 
measured using an elemental analyser-continuous flow isotope ratio-mass 
spectrometry setup (St-Jean 2003) with a Fisons 1500 NCS elemental analyser 
coupled to a Finnigan Mat Delta Plus mass spectrometer. Analytical precision based 
on routine analysis of internal laboratory reference material was ±0.15 ‰.  
In brine systems, Cl- can be used as a conservative tracer for mixing of the brine and 
seawater (de Lange et al. 1990; van der Wielen et al. 2005). The exact depths of the 
samples from the different Niskin bottles taken along the seawater-brine interface 
were aligned considering the respective Cl- concentrations. 
3 Radio-tracer amounts used for ex-situ incubations 
For methane oxidation rate measurements, 10 µl of 14C-labelled aqueous methane 
solution (4 kBq, ~150 nmol CH4, American Radiolabeled Chemicals, USA) were 
injected in each incubation vial. For sulfate reduction rate measurements, 25 µl of 
35S-labelled aqueous sulfate solution (20 kBq, American Radiolabeled Chemicals, 
USA) were injected in each incubation vial. 
4 Incorporation of CH4-carbon into biomass 
Incorporation of CH4-carbon into biomass was determined as described previously 
(Blees et al. 2014, Steinle et al. 2016). In brief, methane oxidation rate incubations 
were stopped by fixing the samples in butyl rubber sealed glass bottles with 1 g of 
solid NaOH, and bottles were stored at room temperature until determination of CH4-
oxidation rates onshore. First, 14CH4 was combusted (Treude et al. 2005), followed 
by 14CO2-acidification and determination of residual activity in the remaining sample 
(Blees et al. 2014). CH4-oxidation rates were assessed by combustion of unreacted 
14CH4 (Treude et al. 2005), followed by quantification of produced 14CO2 by 
acidification, and determination of residual activity in the remaining sample (Blees et 
al. 2014). Activities were determined by liquid scintillation and corrected for 
(insubstantial) fractional turnover (~0.1 – 0.01%) in killed controls (addition of 100 µl 
saturated HgCl2 solution).  The first-order rate constant (k) was calculated from the 
fractional tracer turnover with consideration of 14C-label transfer into biomass:  
kMOx =
(ACO2 + AR )




where ACH4   is the activity of remaining 
14C-CH4 after incubation, ACO2  is the activity 
of the generated CO2, AR  is the rest activity (biomass and potentially non-carbonate 
intermediates), and t is the incubation time. The MOx rates ( rMOx ) were then 
calculated assuming first order kinetics: 
rMOx = k × CH4[ ]initial   
where CH4[ ]initial  is the methane concentration at the beginning of the incubation. 
Methane-carbon incorporated into biomass was calculated from AR  and ACO2 as 
described in Blees et al. (2014) and Steinle et al. (2017): 
Biomass_ incorp.(%) = AR
(ACO2 + AR )
  
The values shown in Fig. 3i is hence the fraction of 14C-carbon incorporated into 
biomass compared to the total. 14C-CH4 turned over. 
5 Biomarker analyses 
Lipid extraction was done according to Elvert et al. (2003). In short, we obtained a 
total lipid extract (TLE) by ultrasonication of the filters with solvents in decreasing 
polarity: (1) dichloromethane (DCM):methanol (MeOH) 1:2; (2) DCM:MeOH 2:1; and 
(3, 4) DCM. We added an additional ultrasonication step with MeOH:H2O 1:3 to 
extract water-soluble compounds. The TLE was further separated into a 
hydrocarbon, keton, alcohol, and polar fatty acid (FA) fractions. FA (comprising lipid-
derived and free fatty acids) and alcohols were derivatised into FA methyl esters with 
methanolic BF3 and trimethylsilyl ethers with bis(trimethylsilyl)trifluoracetamide using 
the methods described previously (Elvert et al. 2003, Niemann et al. 2005). The 
positions of FA methyl ester double bonds were determined through analysis of their 
dimethyl–disulfide adducts (Nichols et al. 1986, Moss and Lambert-Fair 1989). 
These fractions were then analyzed with a gas chromatograph (GC) linked either to a 
mass spectrometer, a flame-ionization detector, or an isotope ratio mass 
spectrometer, as described in Blees et al. (2014). The abundance of different 
compounds was determined with a GC (Trace GC Ultra, Thermo Scientific equipped 
with a split-splitless injector operated in splitless mode at 300°C, capillary column 
(Rxi®-5 ms, 60 m × 0.25 mm inner diameter × 0.25 µm film thickness), constant 
helium flow of 1 mL min-1) linked to a flame ionization detector. The following 
temperature program was used: initial oven temperature 50°C, held for 2 min, 
increased to 140°C at a rate of 10°C min-1, then to 300°C at 4°C min-1, held at 300°C 
for 63 min. Internal standards were used to calculate concentrations and 
concentrations were corrected for the introduction of carbon atoms. Compounds 
were identified by GC-mass spectrometry with electron ionization (Thermo Scientific 
DSQII Dual Stage Quadrupole). Finally, compound-specific stable carbon isotope 
ratios were determined using a GC-IRMS (Delta V Advantage, Thermo Scientific). 
δ13C-values were corrected for the introduction of carbon atoms (Blees et al. 2014). 
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Linear correlation of CH4, H2S, and Mg2+ with Cl-. Non-conservative mixing behaviour (i.e., sources or 
sinks) of a given solute in a seawater-brine interface can be evidenced as a deviation from a linear 
correlation of solute and chloride concentrations. Black dots denote discrete samples recovered from 
the seawater-brine interface, red diamonds represent brine samples. Red lines show the linear 
correlation of solute and Cl- in the seawater brine interface, and red dashed lines the interpolation of the 
linear correlation towards the brine values. a) CH4 vs. Cl- concentrations and b) H2Stot vs. Cl- 
concentration show a strong deviation from a linear relationship, which suggests net CH4 and H2Stot 
removal within the interface. c) For Mg2+ vs. Cl-, a clear linear relationship is observed (R2 = 0.997), 





























































Concentrations and stable carbon isotope ratios of specific lipid biomarkers across the seawater-brine 
interface. (a) Diplopterol, (b) diploptene, (c) archaeol, (d) crocetane. In the seawater fraction, only 
traces of diplopterol and diploptene were detected, but none of the other compounds was present. δ13C-
values are indicated. 
ng-1 l-1



















PCR primers used for amplification of 16S rRNA genes.
Primer Sequence
Bakt_341F 5’ CCTACGGGNGGCWGCAG 3’
Bakt_785R 5’ GACTACHVGGGTATCTAATCC 3’
ARCH340F 5’ CCTAYGGGGYGCASCAG 3’
ARCH1000R 5’ GGCCATGCACYWCYTCTC 3’
ARCH340F-ANME-1 5’ CCTACGGGACGCATCAG 3’
ARCH1000R-ANME1 5’ GGCCATGCGCCACCTCTC 3’
ARCH1000R-KOR 5’ GGCCATGCACCACCCCTC 3’
Supplementary Table 2
PCR conditions used in this study. a) Composition of PCR mix. b) PCR programm.
a) Compound Amount for one PCR reaction
b) Step Temperature Time
DNA ca. 1 ng
initial denaturation 95°C 2 min
PCR buffer 1x
denaturation 94°C 1 min
dNTPs (each) 200 µM
annealing 55°C 1 min 39 cycles
Primer forward 0.5 µM
elongation 72°C 2 min
Primer reverse 0.5 µM
final elongation 74°C 10 min
Taq polymerase (TaKaRa, Germany) 1.5 U
Supplementary Table 3
Classification of archaeal partial 16S rRNA gene sequences according to SILVAngs (release 128, Sept. 2016). Given are the total number of sequences assigned to each taxonomic clade.
Genus Brine Lower interface
Bacteria;Acetothermia;unclassified;unclassified;unclassified;unclassified 3953 2402
Bacteria;Acidobacteria;Acidobacteria;Subgroup 11;unclassified;unclassified 0 0
Bacteria;Acidobacteria;Acidobacteria;Subgroup 13;unclassified;unclassified 0 0
Bacteria;Acidobacteria;Acidobacteria;Subgroup 21;unclassified;unclassified 2 4
Bacteria;Acidobacteria;Acidobacteria;Subgroup 3;PAUC26f;unclassified 0 1
Bacteria;Acidobacteria;Acidobacteria;Subgroup 5;unclassified;unclassified 0 0
Bacteria;Acidobacteria;Acidobacteria;Subgroup 6;unclassified;unclassified 3 12
Bacteria;Acidobacteria;Acidobacteria;Subgroup 9;unclassified;unclassified 0 0
Bacteria;Acidobacteria;Subgroup 26;unclassified;unclassified;unclassified 0 0
Bacteria;Actinobacteria;Acidimicrobiia;Acidimicrobiales;Acidimicrobiaceae;uncultured 0 2
Bacteria;Actinobacteria;Acidimicrobiia;Acidimicrobiales;OM1 clade;unclassified 53 21
Bacteria;Actinobacteria;Acidimicrobiia;Acidimicrobiales;OM1 clade;Candidatus Actinomarina 30 27
























Bacteria;Bacteroidetes;Bacteroidetes BD2-2;unclassified;unclassified;unclassified 20 11





Bacteria;Bacteroidetes;Bacteroidia;Bacteroidia Incertae Sedis;Draconibacteriaceae;Tangfeifania 11 2
Bacteria;Bacteroidetes;Bacteroidia;Bacteroidia Incertae Sedis;Prolixibacteraceae;Prolixibacter 2 0
Bacteria;Bacteroidetes;Cytophagia;Cytophagales;Cytophagaceae;Hymenobacter 0 1







Bacteria;Bacteroidetes;Cytophagia;Order III;Unknown Family;Balneola 0 0
Bacteria;Bacteroidetes;Flavobacteriia;Flavobacteriales;Cryomorphaceae;Crocinitomix 3 2
Bacteria;Bacteroidetes;Flavobacteriia;Flavobacteriales;Cryomorphaceae;Fluviicola 3 9














Bacteria;Bacteroidetes;Flavobacteriia;Flavobacteriales;Flavobacteriaceae;NS2b marine group 1 4
Bacteria;Bacteroidetes;Flavobacteriia;Flavobacteriales;Flavobacteriaceae;NS4 marine group 1 3








Bacteria;Bacteroidetes;Flavobacteriia;Flavobacteriales;NS7 marine group;unclassified 3 4













Bacteria;Candidate division OP3;unclassified;unclassified;unclassified;unclassified 16 8
Bacteria;Candidate division SR1;unclassified;unclassified;unclassified;unclassified 375 166
Bacteria;Chlamydiae;Chlamydiae;Chlamydiales;Chlamydiaceae;unclassified 1 0
Bacteria;Chlamydiae;Chlamydiae;Chlamydiales;Chlamydiales Incertae Sedis;unclassified 0 0
Bacteria;Chlamydiae;Chlamydiae;Chlamydiales;Parachlamydiaceae;Parachlamydia 1 3
Bacteria;Chlamydiae;Chlamydiae;Chlamydiales;Simkaniaceae;Candidatus Fritschea 2 3





































Bacteria;Firmicutes;Clostridia;Clostridiales;Clostridiaceae 1;Fonticella 1 0
Bacteria;Firmicutes;Clostridia;Clostridiales;Family XI;Finegoldia 1 0
Bacteria;Firmicutes;Clostridia;Clostridiales;Family XI;Peptoniphilus 0 1
Bacteria;Firmicutes;Clostridia;Clostridiales;Family XII;Fusibacter 663 114
Bacteria;Firmicutes;Clostridia;Clostridiales;Lachnospiraceae;Lachnospiraceae UCG-004 1 0










Bacteria;Gemmatimonadetes;Gemmatimonadetes;BD2-11 terrestrial group;unclassified;unclassified 3 0
Bacteria;Gemmatimonadetes;Gemmatimonadetes;Gemmatimonadales;Gemmatimonadaceae;Gemmatimonas 0 0





























Bacteria;Planctomycetes;Phycisphaerae;Phycisphaerales;08D2Z94 hypersaline microbial mat group;unclassified 0 1
Bacteria;Planctomycetes;Phycisphaerae;Phycisphaerales;AKAU3564 sediment group;unclassified 0 1
Bacteria;Planctomycetes;Phycisphaerae;Phycisphaerales;ODP1230B30.02 sediment group;unclassified 2 1
Bacteria;Planctomycetes;Phycisphaerae;Phycisphaerales;Phycisphaeraceae;CL500-3 3 10





Bacteria;Planctomycetes;Phycisphaerae;Phycisphaerales;Phycisphaeraceae;Urania-1B-19 marine sediment group 196 260
Bacteria;Planctomycetes;Phycisphaerae;Phycisphaerales;Phycisphaeraceae;uncultured 13 10
Bacteria;Planctomycetes;Phycisphaerae;Phycisphaerales;SBYZ-1154;unclassified 0 1
Bacteria;Planctomycetes;Phycisphaerae;Pla1 lineage;unclassified;unclassified 0 0
Bacteria;Planctomycetes;Phycisphaerae;SHA-43;unclassified;unclassified 2 7
Bacteria;Planctomycetes;Pla3 lineage;unclassified;unclassified;unclassified 3 8
Bacteria;Planctomycetes;Pla4 lineage;unclassified;unclassified;unclassified 3 1




































Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Rhizobiales Incertae Sedis;Nordella 0 0
























Bacteria;Proteobacteria;Alphaproteobacteria;Rhodospirillales;Rhodospirillaceae;AEGEAN-169 marine group 13 11
Bacteria;Proteobacteria;Alphaproteobacteria;Rhodospirillales;Rhodospirillaceae;Defluviicoccus 4 5
Bacteria;Proteobacteria;Alphaproteobacteria;Rhodospirillales;Rhodospirillaceae;Magnetospira 1 1




Bacteria;Proteobacteria;Alphaproteobacteria;Rhodospirillales;Rhodospirillales Incertae Sedis;Candidatus Alysiosphaera 0 1





Bacteria;Proteobacteria;Alphaproteobacteria;Rickettsiales;Rickettsiales Incertae Sedis;Candidatus Lariskella 0 0
Bacteria;Proteobacteria;Alphaproteobacteria;Rickettsiales;S25-593;unclassified 19 19
Bacteria;Proteobacteria;Alphaproteobacteria;Rickettsiales;SAR116 clade;unclassified 2 0
Bacteria;Proteobacteria;Alphaproteobacteria;Rickettsiales;SAR116 clade;Candidatus Puniceispirillum 0 0
Bacteria;Proteobacteria;Alphaproteobacteria;Rickettsiales;SHWN-night2;unclassified 0 0
Bacteria;Proteobacteria;Alphaproteobacteria;SAR11 clade;unclassified;unclassified 38 25
Bacteria;Proteobacteria;Alphaproteobacteria;SAR11 clade;Deep 1;unclassified 192 147
Bacteria;Proteobacteria;Alphaproteobacteria;SAR11 clade;Surface 1;unclassified 180 161
Bacteria;Proteobacteria;Alphaproteobacteria;SAR11 clade;Surface 1;Candidatus Pelagibacter 0 1
Bacteria;Proteobacteria;Alphaproteobacteria;SAR11 clade;Surface 2;unclassified 16 9
Bacteria;Proteobacteria;Alphaproteobacteria;SAR11 clade;Surface 3;unclassified 0 0










































































































Bacteria;Proteobacteria;Gammaproteobacteria;Cellvibrionales;Halieaceae;OM60(NOR5) clade 2 1
Bacteria;Proteobacteria;Gammaproteobacteria;Cellvibrionales;Porticoccaceae;C1-B045 0 1
Bacteria;Proteobacteria;Gammaproteobacteria;Cellvibrionales;Porticoccaceae;Porticoccus 0 0
Bacteria;Proteobacteria;Gammaproteobacteria;Cellvibrionales;Porticoccaceae;SAR92 clade 0 2






Bacteria;Proteobacteria;Gammaproteobacteria;E01-9C-26 marine group;unclassified;unclassified 16 16
Bacteria;Proteobacteria;Gammaproteobacteria;Enterobacteriales;Enterobacteriaceae;Citrobacter 1 0
Bacteria;Proteobacteria;Gammaproteobacteria;Enterobacteriales;Enterobacteriaceae;Escherichia-Shigella 4 2
Bacteria;Proteobacteria;Gammaproteobacteria;Gammaproteobacteria Incertae Sedis;Unknown Family;Sedimenticola 13 11
Bacteria;Proteobacteria;Gammaproteobacteria;Gammaproteobacteria Incertae Sedis;Unknown Family;Thiohalomonas 1 1
Bacteria;Proteobacteria;Gammaproteobacteria;HOC36;unclassified;unclassified 0 0























Bacteria;Proteobacteria;Gammaproteobacteria;Oceanospirillales;SAR86 clade;unclassified 9 6
Bacteria;Proteobacteria;Gammaproteobacteria;Oceanospirillales;SS1-B-06-26;unclassified 0 1
Bacteria;Proteobacteria;Gammaproteobacteria;Oceanospirillales;SUP05 cluster;unclassified 7 6
Bacteria;Proteobacteria;Gammaproteobacteria;Oceanospirillales;V1F82b;unclassified 7 5
Bacteria;Proteobacteria;Gammaproteobacteria;Oceanospirillales;ZD0405;unclassified 0 1


















Bacteria;Proteobacteria;Gammaproteobacteria;Thiotrichales;Thiotrichales Incertae Sedis;Caedibacter 2 0


























Bacteria;Verrucomicrobia;Arctic97B-4 marine group;unclassified;unclassified;unclassified 0 3
Bacteria;Verrucomicrobia;OPB35 soil group;unclassified;unclassified;unclassified 0 1
Bacteria;Verrucomicrobia;Opitutae;A714019;unclassified;unclassified 0 0










No Relative (according to SILVA ngs classification) 2217 529
Total sequences 47646 27231
Total sequences excluding "No relative" 45429 26702
Brine Lower interface
Bacteria;Acetothermia;unclassified;unclassified;unclassified;unclassified 8.701 8.996
Bacteria;Acidobacteria;Acidobacteria;Subgroup 11;unclassified;unclassified 0.000 0.000
Bacteria;Acidobacteria;Acidobacteria;Subgroup 13;unclassified;unclassified 0.000 0.000
Bacteria;Acidobacteria;Acidobacteria;Subgroup 21;unclassified;unclassified 0.004 0.015
Bacteria;Acidobacteria;Acidobacteria;Subgroup 3;PAUC26f;unclassified 0.000 0.004
Bacteria;Acidobacteria;Acidobacteria;Subgroup 5;unclassified;unclassified 0.000 0.000
Bacteria;Acidobacteria;Acidobacteria;Subgroup 6;unclassified;unclassified 0.007 0.045
Bacteria;Acidobacteria;Acidobacteria;Subgroup 9;unclassified;unclassified 0.000 0.000
Bacteria;Acidobacteria;Subgroup 26;unclassified;unclassified;unclassified 0.000 0.000
Bacteria;Actinobacteria;Acidimicrobiia;Acidimicrobiales;Acidimicrobiaceae;uncultured 0.000 0.007
Bacteria;Actinobacteria;Acidimicrobiia;Acidimicrobiales;OM1 clade;unclassified 0.117 0.079
Bacteria;Actinobacteria;Acidimicrobiia;Acidimicrobiales;OM1 clade;Candidatus Actinomarina 0.066 0.101
























Bacteria;Bacteroidetes;Bacteroidetes BD2-2;unclassified;unclassified;unclassified 0.044 0.041





Bacteria;Bacteroidetes;Bacteroidia;Bacteroidia Incertae Sedis;Draconibacteriaceae;Tangfeifania 0.024 0.007
Bacteria;Bacteroidetes;Bacteroidia;Bacteroidia Incertae Sedis;Prolixibacteraceae;Prolixibacter 0.004 0.000
Bacteria;Bacteroidetes;Cytophagia;Cytophagales;Cytophagaceae;Hymenobacter 0.000 0.004







Bacteria;Bacteroidetes;Cytophagia;Order III;Unknown Family;Balneola 0.000 0.000
Bacteria;Bacteroidetes;Flavobacteriia;Flavobacteriales;Cryomorphaceae;Crocinitomix 0.007 0.007
Bacteria;Bacteroidetes;Flavobacteriia;Flavobacteriales;Cryomorphaceae;Fluviicola 0.007 0.034














Bacteria;Bacteroidetes;Flavobacteriia;Flavobacteriales;Flavobacteriaceae;NS2b marine group 0.002 0.015
Bacteria;Bacteroidetes;Flavobacteriia;Flavobacteriales;Flavobacteriaceae;NS4 marine group 0.002 0.011








Bacteria;Bacteroidetes;Flavobacteriia;Flavobacteriales;NS7 marine group;unclassified 0.007 0.015













Bacteria;Candidate division OP3;unclassified;unclassified;unclassified;unclassified 0.035 0.030
Bacteria;Candidate division SR1;unclassified;unclassified;unclassified;unclassified 0.825 0.622
s classified as "no relatives" were excluded
Supplementary Table 4
Classification of bacterial partial 16S rRNA gene sequences according to SILVAngs (release 128, Sept. 2016). Given is the relative contribution of each taxonomic clade to total sequences. 
Sequences classified as "no relatives" were excluded from the analysis.
Bacteria;Chlamydiae;Chlamydiae;Chlamydiales;Chlamydiaceae;unclassified 0.002 0.000
Bacteria;Chlamydiae;Chlamydiae;Chlamydiales;Chlamydiales Incertae Sedis;unclassified 0.000 0.000
Bacteria;Chlamydiae;Chlamydiae;Chlamydiales;Parachlamydiaceae;Parachlamydia 0.002 0.011
Bacteria;Chlamydiae;Chlamydiae;Chlamydiales;Simkaniaceae;Candidatus Fritschea 0.004 0.011





































Bacteria;Firmicutes;Clostridia;Clostridiales;Clostridiaceae 1;Fonticella 0.002 0.000
Bacteria;Firmicutes;Clostridia;Clostridiales;Family XI;Finegoldia 0.002 0.000
Bacteria;Firmicutes;Clostridia;Clostridiales;Family XI;Peptoniphilus 0.000 0.004
Bacteria;Firmicutes;Clostridia;Clostridiales;Family XII;Fusibacter 1.459 0.427
Bacteria;Firmicutes;Clostridia;Clostridiales;Lachnospiraceae;Lachnospiraceae UCG-004 0.002 0.000










Bacteria;Gemmatimonadetes;Gemmatimonadetes;BD2-11 terrestrial group;unclassified;unclassified 0.007 0.000
Bacteria;Gemmatimonadetes;Gemmatimonadetes;Gemmatimonadales;Gemmatimonadaceae;Gemmatimonas 0.000 0.000





























Bacteria;Planctomycetes;Phycisphaerae;Phycisphaerales;08D2Z94 hypersaline microbial mat group;unclassified 0.000 0.004
Bacteria;Planctomycetes;Phycisphaerae;Phycisphaerales;AKAU3564 sediment group;unclassified 0.000 0.004
Bacteria;Planctomycetes;Phycisphaerae;Phycisphaerales;ODP1230B30.02 sediment group;unclassified 0.004 0.004
Bacteria;Planctomycetes;Phycisphaerae;Phycisphaerales;Phycisphaeraceae;CL500-3 0.007 0.037





Bacteria;Planctomycetes;Phycisphaerae;Phycisphaerales;Phycisphaeraceae;Urania-1B-19 marine sediment group 0.431 0.974
Bacteria;Planctomycetes;Phycisphaerae;Phycisphaerales;Phycisphaeraceae;uncultured 0.029 0.037
Bacteria;Planctomycetes;Phycisphaerae;Phycisphaerales;SBYZ-1154;unclassified 0.000 0.004
Bacteria;Planctomycetes;Phycisphaerae;Pla1 lineage;unclassified;unclassified 0.000 0.000
Bacteria;Planctomycetes;Phycisphaerae;SHA-43;unclassified;unclassified 0.004 0.026
Bacteria;Planctomycetes;Pla3 lineage;unclassified;unclassified;unclassified 0.007 0.030
Bacteria;Planctomycetes;Pla4 lineage;unclassified;unclassified;unclassified 0.007 0.004




































Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Rhizobiales Incertae Sedis;Nordella 0.000 0.000
























Bacteria;Proteobacteria;Alphaproteobacteria;Rhodospirillales;Rhodospirillaceae;AEGEAN-169 marine group 0.029 0.041
Bacteria;Proteobacteria;Alphaproteobacteria;Rhodospirillales;Rhodospirillaceae;Defluviicoccus 0.009 0.019
Bacteria;Proteobacteria;Alphaproteobacteria;Rhodospirillales;Rhodospirillaceae;Magnetospira 0.002 0.004




Bacteria;Proteobacteria;Alphaproteobacteria;Rhodospirillales;Rhodospirillales Incertae Sedis;Candidatus Alysiosphaera 0.000 0.004





Bacteria;Proteobacteria;Alphaproteobacteria;Rickettsiales;Rickettsiales Incertae Sedis;Candidatus Lariskella 0.000 0.000
Bacteria;Proteobacteria;Alphaproteobacteria;Rickettsiales;S25-593;unclassified 0.042 0.071
Bacteria;Proteobacteria;Alphaproteobacteria;Rickettsiales;SAR116 clade;unclassified 0.004 0.000
Bacteria;Proteobacteria;Alphaproteobacteria;Rickettsiales;SAR116 clade;Candidatus Puniceispirillum 0.000 0.000
Bacteria;Proteobacteria;Alphaproteobacteria;Rickettsiales;SHWN-night2;unclassified 0.000 0.000
Bacteria;Proteobacteria;Alphaproteobacteria;SAR11 clade;unclassified;unclassified 0.084 0.094
Bacteria;Proteobacteria;Alphaproteobacteria;SAR11 clade;Deep 1;unclassified 0.423 0.551
Bacteria;Proteobacteria;Alphaproteobacteria;SAR11 clade;Surface 1;unclassified 0.396 0.603
Bacteria;Proteobacteria;Alphaproteobacteria;SAR11 clade;Surface 1;Candidatus Pelagibacter 0.000 0.004
Bacteria;Proteobacteria;Alphaproteobacteria;SAR11 clade;Surface 2;unclassified 0.035 0.034
Bacteria;Proteobacteria;Alphaproteobacteria;SAR11 clade;Surface 3;unclassified 0.000 0.000










































































































Bacteria;Proteobacteria;Gammaproteobacteria;Cellvibrionales;Halieaceae;OM60(NOR5) clade 0.004 0.004
Bacteria;Proteobacteria;Gammaproteobacteria;Cellvibrionales;Porticoccaceae;C1-B045 0.000 0.004
Bacteria;Proteobacteria;Gammaproteobacteria;Cellvibrionales;Porticoccaceae;Porticoccus 0.000 0.000
Bacteria;Proteobacteria;Gammaproteobacteria;Cellvibrionales;Porticoccaceae;SAR92 clade 0.000 0.007






Bacteria;Proteobacteria;Gammaproteobacteria;E01-9C-26 marine group;unclassified;unclassified 0.035 0.060
Bacteria;Proteobacteria;Gammaproteobacteria;Enterobacteriales;Enterobacteriaceae;Citrobacter 0.002 0.000
Bacteria;Proteobacteria;Gammaproteobacteria;Enterobacteriales;Enterobacteriaceae;Escherichia-Shigella 0.009 0.007
Bacteria;Proteobacteria;Gammaproteobacteria;Gammaproteobacteria Incertae Sedis;Unknown Family;Sedimenticola 0.029 0.041
Bacteria;Proteobacteria;Gammaproteobacteria;Gammaproteobacteria Incertae Sedis;Unknown Family;Thiohalomonas 0.002 0.004
Bacteria;Proteobacteria;Gammaproteobacteria;HOC36;unclassified;unclassified 0.000 0.000























Bacteria;Proteobacteria;Gammaproteobacteria;Oceanospirillales;SAR86 clade;unclassified 0.020 0.022
Bacteria;Proteobacteria;Gammaproteobacteria;Oceanospirillales;SS1-B-06-26;unclassified 0.000 0.004
Bacteria;Proteobacteria;Gammaproteobacteria;Oceanospirillales;SUP05 cluster;unclassified 0.015 0.022
Bacteria;Proteobacteria;Gammaproteobacteria;Oceanospirillales;V1F82b;unclassified 0.015 0.019
Bacteria;Proteobacteria;Gammaproteobacteria;Oceanospirillales;ZD0405;unclassified 0.000 0.004


















Bacteria;Proteobacteria;Gammaproteobacteria;Thiotrichales;Thiotrichales Incertae Sedis;Caedibacter 0.004 0.000


























Bacteria;Verrucomicrobia;Arctic97B-4 marine group;unclassified;unclassified;unclassified 0.000 0.011
Bacteria;Verrucomicrobia;OPB35 soil group;unclassified;unclassified;unclassified 0.000 0.004
Bacteria;Verrucomicrobia;Opitutae;A714019;unclassified;unclassified 0.000 0.000












Classification of archaeal partial 16S rRNA gene sequences according to SILVAngs (release 128, Sept. 2016). Given are the total number of sequences assigned to each taxonomic clade.
Brine Lower interface
Archaea;Aenigmarchaeota;Deep Sea Euryarchaeotic Group(DSEG);unclassified;unclassified;unclassified 990 1319
Archaea;Aigarchaeota;Terrestrial Hot Spring Gp(THSCG);unclassified;unclassified;unclassified 2 2
Archaea;Diapherotrites;unclassified;unclassified;unclassified;unclassified 4 6
Archaea;Diapherotrites;Diapherotrites Incertae Sedis;Unknown Order;Unknown Family;Candidatus Iainarchaeum 1 0
Archaea;Euryarchaeota;Halobacteria;Halobacteriales;Halobacteriaceae;unclassified 8 0






























Archaea;Euryarchaeota;Methanomicrobia;Methanomicrobiales;Methanomicrobiales Incertae Sedis;Methanocalculus 0 0
Archaea;Euryarchaeota;Methanomicrobia;Methanomicrobiales;Methanoregulaceae;Methanolinea 0 0
Archaea;Euryarchaeota;Methanomicrobia;Methanosarcinales;GOM Arc I;unclassified 0 0












Archaea;Euryarchaeota;Thermoplasmata;Thermoplasmatales;KTK 4A;unclassified 6 0
Archaea;Euryarchaeota;Thermoplasmata;Thermoplasmatales;Marine Benthic Group D and DHVEG-1;unclassified 0 0
Archaea;Euryarchaeota;Thermoplasmata;Thermoplasmatales;Marine Group II;unclassified 176 837
Archaea;Euryarchaeota;Thermoplasmata;Thermoplasmatales;Marine Group III;unclassified 353 497
Archaea;Euryarchaeota;Thermoplasmata;Thermoplasmatales;Thermoplasmatales Incertae Sedis;unclassified 4 0
Archaea;Marine Hydrothermal Vent Group(MHVG);unclassified;unclassified;unclassified;unclassified 0 0
Archaea;Miscellaneous Crenarchaeotic Group;unclassified;unclassified;unclassified;unclassified 6 0




Archaea;Thaumarchaeota;Marine Benthic Group A;unclassified;unclassified;unclassified 12 21
Archaea;Thaumarchaeota;Marine Benthic Group B;unclassified;unclassified;unclassified 0 1
Archaea;Thaumarchaeota;Marine Group I;unclassified;unclassified;unclassified 948 5951
Archaea;Thaumarchaeota;Marine Group I;Cenarchaeales;Cenarchaeaceae;Cenarchaeum 3 3
Archaea;Thaumarchaeota;Marine Group I;Unknown Order;Unknown Family;Candidatus Nitrosoarchaeum 149 92
Archaea;Thaumarchaeota;Marine Group I;Unknown Order;Unknown Family;Candidatus Nitrosopelagicus 92 452
Archaea;Thaumarchaeota;Marine Group I;Unknown Order;Unknown Family;Candidatus Nitrosopumilus 9358 17581
Archaea;Thaumarchaeota;Soil Crenarchaeotic Group(SCG);unclassified;unclassified;unclassified 1 0
Archaea;Thaumarchaeota;South African Gold Mine Gp 1(SAGMCG-1);unclassified;unclassified;unclassified 0 0
Archaea;Thaumarchaeota;South African Gold Mine Gp 1(SAGMCG-1);Unknown Order;Unknown Family;Candidatus Nitrosotalea 1 0
Archaea;Thaumarchaeota;pSL12;unclassified;unclassified;unclassified 0 2
Archaea;Woesearchaeota (DHVEG-6);unclassified;unclassified;unclassified;unclassified 2960 4417
No Relative (according to SILVAngs classification) 3009 3938
Total sequences 33268 46743
Total sequences excluding "No relative" 30259 42805
Brine Lower interface
Archaea;Aenigmarchaeota;Deep Sea Euryarchaeotic Group(DSEG);unclassified;unclassified;unclassified 3.272 3.081
Archaea;Aigarchaeota;Terrestrial Hot Spring Gp(THSCG);unclassified;unclassified;unclassified 0.007 0.005
Archaea;Diapherotrites;unclassified;unclassified;unclassified;unclassified 0.013 0.014
Archaea;Diapherotrites;Diapherotrites Incertae Sedis;Unknown Order;Unknown Family;Candidatus Iainarchaeum 0.003 0.000
Archaea;Euryarchaeota;Halobacteria;Halobacteriales;Halobacteriaceae;unclassified 0.026 0.000






























Archaea;Euryarchaeota;Methanomicrobia;Methanomicrobiales;Methanomicrobiales Incertae Sedis;Methanocalculus 0.000 0.000
Archaea;Euryarchaeota;Methanomicrobia;Methanomicrobiales;Methanoregulaceae;Methanolinea 0.000 0.000
Archaea;Euryarchaeota;Methanomicrobia;Methanosarcinales;GOM Arc I;unclassified 0.000 0.000












Archaea;Euryarchaeota;Thermoplasmata;Thermoplasmatales;KTK 4A;unclassified 0.020 0.000
Archaea;Euryarchaeota;Thermoplasmata;Thermoplasmatales;Marine Benthic Group D and DHVEG-1;unclassified 0.000 0.000
Archaea;Euryarchaeota;Thermoplasmata;Thermoplasmatales;Marine Group II;unclassified 0.582 1.955
Archaea;Euryarchaeota;Thermoplasmata;Thermoplasmatales;Marine Group III;unclassified 1.167 1.161
Archaea;Euryarchaeota;Thermoplasmata;Thermoplasmatales;Thermoplasmatales Incertae Sedis;unclassified 0.013 0.000
Archaea;Marine Hydrothermal Vent Group(MHVG);unclassified;unclassified;unclassified;unclassified 0.000 0.000
Archaea;Miscellaneous Crenarchaeotic Group;unclassified;unclassified;unclassified;unclassified 0.020 0.000




Archaea;Thaumarchaeota;Marine Benthic Group A;unclassified;unclassified;unclassified 0.040 0.049
Archaea;Thaumarchaeota;Marine Benthic Group B;unclassified;unclassified;unclassified 0.000 0.002
Archaea;Thaumarchaeota;Marine Group I;unclassified;unclassified;unclassified 3.133 13.903
Archaea;Thaumarchaeota;Marine Group I;Cenarchaeales;Cenarchaeaceae;Cenarchaeum 0.010 0.007
Archaea;Thaumarchaeota;Marine Group I;Unknown Order;Unknown Family;Candidatus Nitrosoarchaeum 0.492 0.215
Archaea;Thaumarchaeota;Marine Group I;Unknown Order;Unknown Family;Candidatus Nitrosopelagicus 0.304 1.056
Archaea;Thaumarchaeota;Marine Group I;Unknown Order;Unknown Family;Candidatus Nitrosopumilus 30.926 41.072
Archaea;Thaumarchaeota;Soil Crenarchaeotic Group(SCG);unclassified;unclassified;unclassified 0.003 0.000
Archaea;Thaumarchaeota;South African Gold Mine Gp 1(SAGMCG-1);unclassified;unclassified;unclassified 0.000 0.000
Archaea;Thaumarchaeota;South African Gold Mine Gp 1(SAGMCG-1);Unknown Order;Unknown Family;Candidatus Nitrosotalea 0.003 0.000
Archaea;Thaumarchaeota;pSL12;unclassified;unclassified;unclassified 0.000 0.005
Archaea;Woesearchaeota (DHVEG-6);unclassified;unclassified;unclassified;unclassified 9.782 10.319
Sum	[%] 100 100
s classified as "no relatives" were excluded
Supplementary Table 6
Classification of bacterial partial 16S rRNA gene sequences according to SILVAngs (release 128, Sept. 2016). Given is the relative contribution of each taxonomic clade to total sequences. 
Sequences classified as "no relatives" were excluded from the analysis.
